Thirty-one patients with presumed lacunar stroke, recent (18 patients) or remote (13 patients), were evaluated with brain magnetic resonance imaging (MRI). MRI detected small, deep lesions appropriate to symptoms in 23 of the patients (74%) and was diagnostically superior to brain computed tomography (CT) in those cases where both studies were obtained acutely. MRI also appeared useful in distinguishing between acute and chronic ischemic lesions. Especially in the setting of suspected acute lacunar infarction, MRI, when available, should replace CT as the diagnostic imaging procedure of choice. (Stroke 1987;18:781-786) I n patients with lacunar stroke, brain computed tomography (CT) often fails to demonstrate the lesion responsible for the presenting signs and symptoms. This study was undertaken to determine whether brain magnetic resonance imaging (MRI) might prove more useful than CT in evaluating patients with presumed lacunar stroke, recent and remote.
I
n patients with lacunar stroke, brain computed tomography (CT) often fails to demonstrate the lesion responsible for the presenting signs and symptoms. This study was undertaken to determine whether brain magnetic resonance imaging (MRI) might prove more useful than CT in evaluating patients with presumed lacunar stroke, recent and remote.
Subjects and Methods
Patients presenting acutely to the University of California, San Diego (UCSD) Stroke Center were considered to have lacunar stroke if the following clinical criteria were fulfilled:
Virtually Certain
1. Patient is ^ 65 years of age, or any age with a history of hypertension and/or diabetes.
2. Clinical presentation is consistent with one of the classical lacunar syndromes described by Fisher. 3 . No other obvious etiology for small vessel distribution ischemic stroke exists (e.g., no primary vasculitis, active amphetamine use, or cardiac disease with strong embolic potential).
4. CT and/or MRI reveals new, evolving infarction that is lacunar in appearance and location and is in a location appropriate for the patient's symptoms. 5 . Cerebral angiography or carotid duplex studies indicate no significant (^ 2 mm in depth) ulceration or significant ( > 50%) stenosis in the proximal large vessel supply to the ischemic region.
Probable (As Under Virtually Certain, Except for 1 of the Following)
1. Single CT is performed and shows nonenhancing lacunar-type infarction without mass effect in location appropriate for the patient's symptoms.
2. CT and/or MRI is performed > 1 week after stroke onset and shows no evidence of new stroke despite persistent neurologic deficit on examination.
3. Stroke is in the posterior circulation distribution, all other "virtually certain" criteria are met, and carotid duplex study shows no stenosis, but cerebral angiography is not done.
4. All other "virtually certain" criteria are met, but patient is aged 50-64 and has no known history of hypertension or diabetes.
Evaluation
CT with a GE 9800 scanner and 10-mm cuts and/or MRI were performed on all patients. For MRI, a GE Signa Unit was used, operating at a field strength of 1.5 T with 5-mm cuts. MRI included partial saturation (PS) T,-weighted and spin-echo (SE) T 2 -weighted pulse sequences. For the PS images, a repetition time (TR) of 600 msec and an echo time (TE) of 25 msec were used. The SE pulse sequence consisted of a TR of 2,000 msec and a TE of 25-35 msec for the first echo and 60-70 msec for the second. Lacunes were defined radiologically by MRI or CT as focal, discrete areas of apparent ischemic infarction measuring > 5 mm, < 15 mm at largest diameter. Cerebral arteriography and/or carotid duplex scanning were performed on all patients.
All patients were evaluated by one of us within 72 hours of stroke onset. Pertinent data from the clinical presentation were recorded in the computerized UCSD Stroke Data Bank registry for later analysis. All radiographic studies were evaluated independently by a neuroradiologist and neurologist, and patients were excluded if the interpretations differed significantly. 
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A.H. farction in an appropriate location in 8 (62%). In 4 of the 8, CT revealed no evidence of lacunar infarction in a clinically appropriate location. In the Group C patients with positive MRI, T, and T 2 relaxation times were often both increased ( Figure 3 ). Overall, acute or delayed MRI demonstrated lacunar infarction appropriate to symptoms in 23 of 31 patients (74%), while initial and/or follow-up CT was similarly positive in only 4 of 26 (15%), none of whom were in the acute group.
Discussion
In the setting of stroke, brain MRI has proven to be superior to CT in early detection of acute ischemic infarction and in visualizing ischemic stroke of any age, especially in the posterior fossa.
2 " 5 CT remains equally or more sensitive for detection of acute cerebral hemorrhage.
6 " 8 Previous clinical investigations have shown that cerebral ischemic infarction increases T, and T 2 relaxation times in cerebral tissue days to weeks after stroke.
2^-6 -9 MRI's sensitivity when used more acutely after stroke has not been carefully investigated in humans, but abnormal images have been reported on scans performed within 24 hours. 2 No previous clinical study has specifically examined MRI of lacunar stroke. DeWitt et al 4 reported MRI lesions characterized by prolonged T, and T 2 relaxation times in 3 patients with ischemic stroke, including 1 lacune. Kistleret al 3 studied 16 patients with posterior circulation infarctions, some of which were apparently lacunar, and likewise found lesions on MRI with prolonged T, and T 2 relaxation times. Bydder et al 6 reported that T, was increased on MRI of lacunar lesions also demonstrated on CT. Awad et al'° found MRI to be more sensitive than CT for the detection of "deep hemispheric lesions" in patients presenting with TIA but questioned the specificity of these findings.
CT has been used extensively to assist in the diagnosis of lacunar stroke, but its sensitivity, particularly in the acute setting, is marginal. Donnan et al" found evidence of presumably acute lacunar infarction on CT performed within 10 days in 55% of patients presenting with lacunar syndromes, but others have reported a lower CT yield in patients presenting with presumed lacunar stroke. 12J3 MRI's superiority to CT in the evaluation of acute lacunar stroke has been presumed but not clinically established.
In the present study, MRI proved distinctly superior to CT in acutely demonstrating small, deep lesions in patients with symptoms and signs suggesting lacunar stroke. While the specificity of these radiographic lesions can be questioned, they were all in locations appropriate for the patients' acute clinical presentations, were often different in configuration from coexisting chronic/asymptomatic lesions, and thus presumably reflected acute ischemia if not actual infarction. Given these results, it appears that MRI is a fairly sensitive instrument for documenting acute lacunar ischemia and can thus assist in establishing a reasonably firm diagnosis within the first 120 hours after stroke onset, a critical period in terms of patient management. If CT is to be used, obtaining thinner (e.g., 5-mm) cuts through the basal ganglia region could conceivably increase yield beyond that demonstrated in this study. Even so, especially with suspected acute lacunar infarction of the brainstem, MRI's superiority to CT appears to preclude performing the latter if MRI is available. It is important to note, however, that "small, deep ischemic lesion" and "lacune" are not invariably synonymous, despite the loose manner in which the latter term is often used. In the strictest sense, lacune implies a focal area of ischemia caused by intrinsic obstruction within a small penetrating branch of one of the major intracranial vessels, most often a consequence of lipohyalinosis induced by coexisting chronic hypertension; the area involved is generally < 1.5 cm in diameter and rarely exceeds 2 cm. 1415 Other conditions may mimic lacunar stroke and TIA clinically and radiographically; previous investigators have reported small, deep infarcts in patients with proximal stenotic/occlusive disease in the internal carotid or middle cerebral arteries, and emboli may infrequently involve these small penetrating vessels. 16 " 18 Before conferring a diagnosis of lacunar stroke or TIA, one must, regardless of MRI findings, exclude these mimicking conditions, and carotid noninvasive testing, cerebral angiography, or cardiac testing may consequently be required. Table 1 . Fourteen patients were men, and 17 were women. There were 25 white, 4 black, 1 Hispanic, and 1 Oriental patients. Mean age was 69 (range 52-84), and 23 (74%) had an established history of hypertension.
Twelve patients received MRI within 120 hours of stroke onset (Group A), and in 11 of the 12 (92%) MRI detected lacunes that were felt to be acute and in a location appropriate for the clinical presentation; 6 were pontine, 3 were in the internal capsule, 1 was thaJamic, and 1 was putaminal. In 10 of the 12, concomitant CT failed to demonstrate any abnormality; only MRI was performed in the remaining 2 patients. In all patients with MRI evidence of apparent lacunar ischemia, presumably acute abnormalities were seen on the T 2 -weighted images only and were of significantly lower signal intensity than coexisting chronic infarcts. One patient, W.P., experienced multiple brief transient ischemic attacks (TIAs) without permanent deficit; despite absence of residual deficit on examination, MRI revealed an apparently acute thalamic lesion (Figure 1) .
Six patients underwent MRI between 5 and 30 days after stroke onset (Group B), and MRI revealed lacunar infarction in an appropriate location in 4 (67%). As with Group A patients, presumably acute MRI lesions were seen on the T 2 -weighted images only (Figure 2) .
MRI was performed > 30 days after stroke onset in 13 patients (Group C) and demonstrated lacunar in-
